Neutral nanoparticles (NPs) of iron, zinc, copper or their compositions were introduced into nutrient Murashige-Skoog (MS) medium instead of traditional metal salts with/without chitosan supplements to obtain healthy and crop productive plants. ) with electron microscope demonstrated no NPs accumulation in roots, sprouts and leaves.
Introduction
Pepper (Capsicum annuum) fruits are one of the expressive crops in the world's agriculture. The increase in yield production can be achieved by improvement of soil fertility, use of genetics advances and breeding of high-performance cultivars. Furthermore, application of active substances (e.g. hormones) or tissue culture employment can be considered. Numerous researchers had shown that nanostructure materials could be used in agriculture and stimulate plant growth in the open and protected environments. Progress in biotechnology includes plants and tissues growing on artificial media with a balanced composition of nutrients essential for proper development. Nanomaterials are different metal oxides, magnetic particles, nanotubes, ceramics, silicates, polymers, dendrimers, emulsions, quantum dots. Nanostructures in practice increase biomass, grain and vegetables yields, and so enhanced crop production. Pest resistance and seed material quality improvement by application of nanoparticles have also been reported (Bhagat et al., 2015; Bindraban et al., 2015; Dasgupta et al., 2015; Parisi et al., 2015) . The increase in crops yield and quality due to plant nutrition optimization and pathogen protection are actual tasks (Garcia et al., 2010; Ghormade et al., 2011; Perez-de-Luque and Rubiales, 2009; Ruttkay-Nedecky et al., 2017; Servin et al., 2015) . Collection, creation and maintenance of valuable species and rapid reproduction of plant clones and intensive production of the vegetative progeny of plants are hardly reproducible under common conditions. These acts are also closely associated with new biotechnology methods. The use of nanostructures for improvement and cultivation of plants and possibly for clone reproduction is promising. Addition of titan dioxide (nanoanatase) NPs to the MS medium at concentration range of 10-40 mg L -1 was used to improve parsley seed germination and seedling quality (Dehkourdi and Mosavi, 2013) . These authors reported that 30 mg L -1 NPs was the best concentration for seed treatment and led to the seed germination index rise and viability potential increase, stimulation of roots and sprouts growth and green yield mass increase. Addition of multilayer carbon nanotubes to MS medium at the effective concentrations 0.01 -0.20 pg ml -1 accelerated tomato seeds germination and increased germination percentage. Tomato plants grown on a nutrient medium with carbon nanotubes showed larger biomass yield against controls, but root length did not differ. Biris and Khodakovskaya (2012) studied the effects of nanotubes on water absorption processes in seeds. Nutrient media, such as Murashige-Skoog, Gamborga, Heller etc., contain the balanced nutritional complex of obligatory components essential for the plants development, including organic substances (vitamins, carbohydrates, amino acids and/or protein hydrolysates) and inorganic salts (nitrogen, phosphorus, boron, potassium, calcium, magnesium, sulfur, iron) and trace elements (manganese, zinc, copper, molybdenum, etc) . We used MS medium for experimental metal salts substitution with metal NPs, both with/without chitosan addition. The nanoparticles have been considered reasonable, taking into account the specific features of their effects in biosystems (Glushchenko et al., 2000 (Glushchenko et al., -2017 . Metal NPs are 7-50 times less toxic than metal ions from chemical compounds and demonstrate poly functional and prolonged effects in biotic doses (doses 10-50 times smaller than maximum tolerated doses). NPs stimulate vital processes and can distribute through organs and tissues of plants. The effects depend on particles structure and their physical and chemical characteristics. Copper NPs and natural polysaccharides are synergists (Bogoslovskaja et al., 2014; Glushchenko et al., 2002; Rakhmetova et al., 2010 Rakhmetova et al., , 2015 . Chitosan was selected as an absorbing agent for plants metabolism products (Malerba and Cerana, 2016; Li et al., 2016) . The aim of this study was to understand (A) how neutral metal nanoparticles (Fe, Zn, Cu) or their compositions can be used instead of charged metal ions in the nutrient MS medium and (B) how they may affect the morphometric and physiological growth parameters in plant development under aseptic conditions, and (C) how chitosan supplement can modify the effect of NPs.
Results
Mean values of root length, sprout height, root activity, green mass and chlorophyll content were analysed using ANOVA. Significant treatment effects (p≤0.05) were verified by Tukey's test.
Modified MS medium prepared with metal NPs and chitosan
We propose a new modified plant nutrient MS medium with iron, zinc, copper NPs instead of traditionally used metal salts. A detailed description of the method for nutrient media with metal nanoparticles preparation has been given in our patent (Hui et al., 2017) . We added metal nanoparticles at the concentrations (mg L -1 ): Fe NPs = 3.0, 0.3, 0.06; Zn NPs= 0.4, 0.08, 0.016; Cu NPs = 0.004, 0.0008, 0.00016 instead of iron, zinc, copper salts, both with/without Chitosan (+Ch/-Ch), into nutrient MS medium (Fig. 1) -1 demonstrated RA increase by 59% and 58% for groups Ch and by 57%, 77% -for groups +Ch (Table 1) . Replacement of zinc sulfate with Zn NPs at concentrations 0.016, 0.08 and 0.4 mg L -1 (Ch) in MS medium led to RA increase by 31%, 56% and 38%, respectively ( Table 2) . Use of Cu NPs instead of copper sulfate at concentrations 0.00016, 0.0008 and 0.004 mg L -1 (Ch) enhanced pepper RA by 18%, 61% and 21%, respectively. Addition of chitosan with NPs modified RA in comparison with Ch (Table 3 . Chitosan addition enhanced GM yield. Pepper GM under copper NPs was smaller than in untreated groups. Pepper GM was also reduced in the case of metal NPs compositions (both +Ch/Ch) .
Pepper green mass (GM)

Leaves chlorophyll content (LCC)
Addition of Fe NPs (0.3 mg L -1 and 3.0 mg L -1 ) increased LCC (Fig. 3) . Pepper grown on MS media with zinc NPs (0.016 mg L -1 ) showed reduced LCC. Increased chlorophyll in leaves was observed for Cu NPs at 0.00016 mg L -1 (Ch), by 59%. Chitosan additive induced extra growth of LCC up to 80% after application of 0.0008 mg L -1 Cu NPs. The observed changes were statistically significant. Under NPs compositions, LCC was reduced in Ch groups, but after addition of supplementary chitosan it exceeded the control values by 10 -30%.
Pepper sprouts length
Introduction of Fe NPs did not influence SL (Fig. 4) . In other experements metal NPs and their compositions lowered SL. Chitosan addition to metal NPs preparations re-increased SL, some of them to control level. Pepper seedlings grown on a nutrient media with nanoparticulated vital elements and chitosan looked as compact healthy plants with a well-developed root system (Fig. 5) .
Electron microscope data
Slices of plant's leaves, stems and roots were prepared and electron microscopy processed to study metal NPs impregnation in pepper organs from nutrient medium with NPs composition Fe: Zn: Cu as 3.0 :1.0 : 0.004 mg L -1 (Fig. 6 ). Only native structures appeared to be visualized. Metal NPs were not observed in plant tissues.
Discussion
Modern methods for production of high-quality planting material include plants grow in controlled aseptic conditions. Nutrient substrates, as a rule, are balanced compositions with optimal contents of macro-and microelements. This study was carried out to evaluate the effect of substitution of traditional trace elements with neutral NPs (Fe, Zn, Cu and their compositions) on growth and development of pepper plants under aseptic conditions. We developed an improved nutrient medium with neutral metal NPs instead of appropriate ions. In order to modify nutrient medium, we used as a base MS medium formulation, in which instead of common trace element additives such as iron, zinc, copper as salts or chelates, we blended Fe, Zn, Cu NPs or their combinations as ingredients with the original nutrient medium formulation staying unaltered.
Results on metal NPs biological effects have already been presented in our works (Glushchenko et al., 2002; Rakhmetova et al., 2010 Rakhmetova et al., , 2015 Rakhmetova et al., , 2017 Bogoslovskaja et al., 2014) . NPs were less toxic than salts and they had prolonged and poly functional action, showing synergistic affects with low-molecular chitosan derivatives. It has been reported that replacement of iron, zinc, copper salts with nanoparticles in broilers forage premixes led to an increase in live weight of chick's, reduced the forage consumption and guaranteed 100% preservation of livestock (Egorov et al., 1987) . A significant problem with nano sized materials is choosing of effective concentrations. Metal NPs are known to produce stimulation of metabolic processes at concentrations at doses smaller than maximum tolerated dose (Glushchenko et al., 2002) . So, we used Fe NPs in concentration ranges about 1.9-93, Zn NPs-4.9-122.5, Cu NPs -1.6-40 times less than ions concentrations from sulfates in the MS medium (Hui et al., 2017) . Chitosan has been reported as plant growth stimulating factor, possessing high sorption activity for metabolic products of growing plants and bacteria, protecting plants from infections and promoting crop productivity (Malerba and Cerana, 2016; Li et al., 2016; Solís-Cruz, 2017) . We have used сhitosan Taynshi (China), known in Chinese medicine as detoxifier. After chitosan addition to the nutrient media, bacteria, fungi or mold contaminations did not occur. The major positive effect for RL and RA was found at 0.3 mg L -1 concentration of Fe NPs. Root growth stimulation after Fe NPs treatment for some plants was noted by many authors (Li et al., 2015; Alidoust et al., 2013; Ghafariyan et al., 2013; Jeyasubramanian et al., 2016) . The Zn and Cu NPs, along with some other metal NP compositions increased pepper RL, although to a less extent than Fe NPs. Chitosan addition usually decreased RL under Fe, Zn, Cu NPs, but values still remained higher than in control groups. Probably it was due to the high affinity of the natural polysaccharide chitosan, reducing availability of elements to the growing plants (Monier et al., 2010) . ) composition (+Ch) increased chlorophyll content by 36 %. Zinc NPs and NPs compositions (Ch) reduced LCC. The LCC reduction was reported for ZnO NPs (Wang et al., 2016) . The accumulation of nanoparticles in the root tip zone, an active transport in the plants vascular and NPs accumulation in the outer layers of root tissues have been reported (Davis et al., 2017; Krajcarová et al., 2017) . But our electron microscopic data on roots, leaves, sprouts slices, even 45 days after cultivation on a nutrient medium with metal NPs, did not reveal any accumulation of nanoparticles in plant tissues. Our data show that nutrient media with metal NPs in aseptic conditions induce plants responses associated with the nature of the metal NPs, concentrations, ratios in NPs compositions and the chitosan supplements. Pepper plants cultivated on nutrient media with metal NPs instead of salts both with/without Chitosan had well-developed active root systems, compact stems and chlorophyll content in leaves, depending on metal, concentrations and ratios of nanoparticles in the nutrient media. We studied metal NPs at concentrations significantly lower than usually tested by researchers, so metal NPs toxicity problem (RuttkayNedecky et al., 2017; Azamal et al., 2014) was not observed and discussed.
Materials and Methods
Plant materials
Our experimental plant material was pepper (Capsicum annuum) LJ-King cultivar.
Experimental location
The study was conducted at the Shenzhou Space Biotechnology Group, CAST, located in Beijing, China and Institute for Energy Problems of Chemical Physics of Russian Academy of Sciences, located in Moscow, Russian Federation.
Experimental design
The experiment was performed in a randomized design, with 25 treatments in 8-9 replications. Groups of treatment: I) Control group -original MS medium. 
Nanoparticle production and characteristics
The electro neutral iron, zinc and copper nanoparticles were produced by flow-levitation method as described in (Guen and Miller, 1983; Jigatch et al., 2000) . Physicochemical characteristics of NPs were obtained from TEM-microscopy and X-ray diffraction meter, as already described (Hui et al., 2017) . Metal nanoparticles had the average diameter: the iron particles: 27.0 ± 0.51 nm, zinc: 54.0 ± 2.8 nm, and copper: 79.0 ± 1.24 nm. In iron nanoparticles, the crystalline metallic phase was 53.6%, the iron oxide phase of Fe 3 O 4 was 46.4%, and the oxide layer thickness was 3.5 nm. Copper and zinc nanoparticles consisted of a crystalline metallic phase with an oxide film thickness of 0.5-1.0 nm.
Preparation of the nutrient MS medium with metals nanoparticles and chitosan
MS nutrient medium was prepared as described (Murashige and Skoog, 1962) and sterilized at 120 °C under 0.1 MPa for 20 min in an autoclave "Hirayama, HVE-50" (Japan). NPs aqueous suspensions were prepared in flasks with distilled sterile water. Samples were dispersed for 30 sec thrice by "Scientz JY 92-IIN" Dispergator (China) in an ice bath. Stock NPs suspension was diluted by sterile distilled water to the required concentrations with the subsequent dispersing and cooling. Metal NP suspensions (or there appropriate dilutions) were added to sterile, cooled to 45 °C nutrient medium under flaming. The original MS nutrient medium was used as a control. 100 mg of Tyanshi Chitosan were put in 1 L of sterile cooled to 45 °C base MS nutrient medium under flaming and kept stirring on a magnetic stirrer for 2 minutes for preparation of a nutrient medium with Chitosan additive. 50 ml of the cooked nutrient medium was immediately dispensed under flaming into 200 ml sterile bottles, sealed with Parafilm or polypropylene caps, and left in sterile room. Nutrient medium prepared with such procedure was used for seeds germinating and plants growth.
Plant cultivation
Seeds were placed in a sterile vessel with breeding substrate. Banks with seeds were put on racks in a sterile room with a controlled permanent regime: temperature 22-25° C, humidity 36%, lighting 3500-3000 Lux 12/12 hours day/night. We checked seed germination after 15 days. After 45 days, we evaluated morphometric indicators such as root and stem height and green mass gain. Root activity as a physiological parameter was measured with triphenyl tetrazolium chloride method according to Adebusoye et al. (2012) . The chlorophyll content in leaves was evaluated as in (Lichtenthaler and Buschmann, 2001 ).
Transmission electron microscopy
Specimens from pepper plants were sampled after 45 days of cultivation and cut into pieces with size of 1 mm 2 . They were pre-fixed for two hours in 2.5% gluteraldehyde in 0.1 M phosphate buffer (pH 7.4). Samples were finally fixed in 1% osmium acid solution. After dehydration in acetone, the samples were transited in epoxypropane and embedded on epoxy resin 812. Ultrathin sections were cut with Leica EM UC7 ultramicrotome (Germany), and stained with 3% uranyl acetate and 3% lead citrate. Specimens were photographed with a Hitachi H-7500 Transmission electron microscope (Japan).
Statistical analysis
All experiments included 8-9 multiples of test series, and the data were presented as a mean ± SE. Experimental data for RL and RA were counted as a ratio of test values against control ones (%). Data analysis was carried out with Statistica 20.0. Significant treatment effects (p≤0.05) were verified by Tukey's test.
Conclusion
In our study we substituted the traditional for trace elements (Fe, Zn, Cu) supplementation ionic forms in nutrient medium with neutral NPs at the biotic doses as individually or in compositions, both with/without chitosan. Some preparations showed positive effects on plant growth (root height and activity, green mass, sprout height, chlorophyll content). Effects depended on NPs metal species and concentrations. The method ensures generation of healthy planting materials with the better morphometric and physiological parameters. Electron microscopic control did not find any nanoparticles accumulation in roots, leaves and sprout tissues. Therefore, metal NPs at efficient concentrations used in plant nutrient substrates insures an efficient and safety route for plants cultivation.
